ABSTRACT -Context -Malnutrition is widely described in patients waiting for liver transplantation (LTx). However, risk factors associated with weight loss during liver disease have not yet been well studied. Objectives -The aim of this study was to assess weight loss and its risk factors during liver disease and up to the first appointment after transplantation. Patients who underwent LTx were retrospectively assessed for weight loss during liver disease while on the waiting list for LTx. The usual weight of the patients before disease and their weight on the first outpatient appointment after transplant were considered. Demographic, socioeconomic, lifestyle and clinical variables were collected to assess risk factors using a linear regression analysis. We retrospectively evaluated 163 patients undergoing LTx between 1997 and 2008. Results -Patients lost in average 7.7 ± 12.4 kg while ill. Variables independently associated with weight loss by multiple linear regression analyses were as follows: former smoker (P = 0.03), greater body mass index (P<0.01), overweight before liver disease (P = 0.02) and indication for LTx (P = 0.01). Among these indications, patients with alcoholic cirrhosis had lost significantly more weight (P<0.01), and those with hepatitis C virus (P = 0.01) and autoimmune hepatitis (P = 0.02) had lost significantly less weight. Conclusions -Patients experienced weight loss during liver disease independent of age, sex, schooling and income; however, the etiology of liver disease was related to weight loss.
INTRODUCTION
Malnutrition is almost universal in patients waiting for liver transplantation (LTx) (3) . Liver disease greatly impacts nutritional status because many factors of the disease contribute to a decreased food intake, such as early satiety due to ascites and gastrointestinal symptoms of nausea and vomiting (4) . Additionally, restrictive, unpalatable diets are advised despite disagreement with the current guidelines, further worsening the nutritional situation (9) . Other potential malnutrition causes include digestion and absorption abnormalities due to chronic liver failure as well as metabolic abnormalities, such as hypermetabolism, abnormal macronutrient metabolism, increased catabolic hormone secretion and decreased anabolic hormone secretion (8) .
Although malnutrition is a well-recognized condition in these patients, methods for its diagnosis are still debated due to the effects of liver disease on bio-
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chemical exams and body weight. Moreover, weight loss during this period is difficult to assess because ascites, edema and risk factors for these conditions have not yet been well-assessed. The aim of the current study was to evaluate weight loss and its associated risk factors in liver disease patients during the period when they are on the waiting list for transplantation.
METHODS
This was a retrospective study evaluating weight loss in LTx patients during the course of liver disease preceding transplantation. The weight before liver dysfunction (recorded from the patient interview) and the weight at the first outpatient appointment after LTx were considered (in average 23 ± 10 days after LTx). Risk factors for weight loss were also evaluated.
Patients who underwent transplantation due to chronic liver diseases between 1994 and 2008 and who were at least 18 years of age at LTx were followed at Demographic and socioeconomic data included age, sex, skin color, marital status, paid professional activity, schooling and income. Lifestyle characteristics were based on self-reported habitual hours of sleep per night, smoking habits and past smoking history. The clinical data collected were as follows: indication for LTx, presence of arterial hypertension prior to LTx, blood glucose > 100 mg/dL hyperglicemia and diabetes mellitus prior to liver disease. Patients were asked about their weight before liver disease and their weight on the first outpatient appointment after LTx was collected from their medical recorders. Considering these weights, weight loss during liver disease and nutritional status were evaluated using body mass index (BMI) values (underweight if BMI <18.5 kg/m², normal weight if BMI 18.5-24.9 kg/m², overweight if BMI 24.9-29.9 kg/m², obese if BMI > 30 kg/m²). Patients were also evaluated according to the percentage of weight loss.
Statistical analyses were performed using Statistical Packa ge for Social Sciences version 17.0 (SPSS Inc., Chicago, IL). Numeric variables were presented as averages and standard deviations or in minimums, maximums and medians if they did not present a normal distribution (Kolmogorov-Smirnov test). Categorical variables were presented as percentages. Risk factors for weight loss were determined by univariate (t Student's test, Pearson or Spearman correlations, ANOVA) and multivariate linear regression analyses. Variables with P<0.2 in the univariate analysis were included in the multivariate linear regression model, which was performed using a stepwise, backward method. P values <0.05 were considered statistically significant.
RESULTS
We evaluated 163 patients (average age at transplantation 47.7 ± 13.3 years, 62% male). General characteristics of patients are depicted in Table 1 . The average weight difference from the time of illness to the first outpatient appointment after transplantation was -7.7 ± 12.4 kg (median: -6.5 kg; minimum: -57.8 kg; maximum: +28.0 kg). This represented an average of -9.5% ± 15.2% of percentage of body weight loss (median: -10.0%; minimum: -46.6%; maximum: + 42.47%). The average BMI before liver disease was 25.5 ± 5.0 kg/m² and on the first outpatient appointment after LTx, 22.7 ± 4.1 kg/m². Patients who were male, overweight or obese before liver disease lost significantly more weight (Table 1) .
During the course of the disease, 68.7% (n = 112) of patients had lost up to 5% of their usual body weight. Almost half of the patients (48.5%; n = 79) lost up to 10%. When comparing the weights recorded before liver disease to the first outpatient appointment after liver transplantation, the proportion of patients who were underweight and normal weight increased, whereas the proportion of patients who were overweight and obese decreased (Figure 1) . Numerical variables that were correlated with weight loss were as follows: age at transplant (r=-0.19; P = 0.02) and BMI before liver disease (r=-0.63; P<0.01). Schooling (median 10 years of schooling, range 0-17 years) and income per capita per month (median U$500, range U$83-U$6,000) were not correlated with weight loss (P>0.05).
Variables independently associated with weight loss by multivariate linear regression analyses were as follows: former smoker (P = 0.03), greater BMI (P<0.01), overweight before liver disease (P = 0.02) and indication for liver transplantation (P = 0.01). Among these indications, patients with alcoholic cirrhosis had lost significantly more weight (P<0.01), and those with hepatitis C virus (P = 0.01) and autoimmune hepatitis (P = 0.02) had lost significantly less weight (Table 2) .
DISCUSSION
In this study, the average weight difference from the time of illness to the first outpatient appointment after transplant was -7.7 ± 12.4 kg (median: -6.5 kg; minimum: -57.8 kg; maximum: +28.0 kg). Malnutrition is present in almost all patients waiting for LTx (3) ; however, weight loss is difficult to measure in this period as patients often present with ascites and edema. We have no knowledge of any study that evaluated weight loss during liver disease that accounted for excess body water due to ascites and edema. However, the current study has many limitations, including the fact that it was based on patient-reported information of weight before liver disease. Additionally, we were unable to access information about the duration of liver disease and its severity as well as food intake during the liver disease period.
Weight loss occurred independently of sex, age, marital status, schooling and income. Weight loss was also analyzed according to the etiology of liver disease, and those with alcohol abuse lost significantly more weight (-10.8 ± 14.2 kg) than others. Alcoholic cirrhosis has been associated with a worse nutritional status in some studies (1) but not in others (5) . Heavy drinkers and those with alcoholic cirrhosis generally have a poor diet. Furthermore, alcohol toxicity contributes to poor nutritional status by interfering with the absorption, transportation and utilization of essential nutrients (11) , which may worsen weight loss in these patients.
Patients who were transplanted because they had the hepatitis C virus (-5.0 ± 10.4 kg) and autoimmune hepatitis (-1.9 ± 13.2 kg) lost less weight than other patients. The corticosteroids used in the treatment of auto-immune hepatitis could be related to this observation, as they could enhance appetite and stimulate the intake of sweet and high fat diets (2) . However, further studies are required to assess this effect.
Patients who were overweight and/or had greater BMI before liver disease lost more weight. How the nutritional status of these patients could have been more affected by liver disease has not been documented yet. A potential hypothesis for this effect relates to the higher surgical/intensive care morbidity among obese patients (10) , leading to a longer hospital stay and deterioration of nutritional status after transplantation (7) . This aspect is another great limitation of the current study, as it was not assessed.
Smoking cessation is largely associated with weight gain in the general population, as it increases energy intake, decreases resting metabolic rate, decreases physical activity and increases lipoprotein lipase activity (6) . However, explanations as to why former smokers lose more weight during liver disease also require further investigation.
In conclusion, our data indicate that patients lost weight during liver disease independently of age, sex, schooling and income. However, the etiology of liver disease was related to the extent of these losses, as evidenced by greater weight loss in those with alcoholic cirrhosis and lower weight loss in those with cirrhosis due to hepatitis C viral infections and autoimmune hepatitis. Patients with a higher BMI, who were overweight and who were former smokers also presented with increased weight loss. 
